Substitutions of isoleucine residues at the adenine binding site activate horse liver alcohol dehydrogenase.
The contributions of isoleucine residues 224 and 269 of horse liver alcohol dehydrogenase to binding of the adenine moiety of NAD and to catalysis were studied by replacing Ile-224 with glycine (I224G) and Ile-269 with serine (I269S). The kinetic mechanisms of wild-type and both mutated liver enzymes were ordered. Affinities for several adenosine derivatives were decreased 5-50-fold by both substitutions. The I269S mutation differentially destabilized binding of the complete coenzyme, as affinities for NAD+ and NADH were decreased about 60-fold with the I224G enzyme and 350-fold for the I269S enzyme. The I269S substitution increased the rate constants for the conformational change that occurs when NAD+ binds. The maximum velocities for ethanol oxidation increased 7-fold with the I224G enzyme and 26-fold with the I269S enzyme due to the faster release of NADH. Hydride transfer limits the rate of oxidation of ethanol by the I269S enzyme. Inhibition constants for the substrate analogues, 2,2,2-trifluoroethanol and N-methylformamide, and catalytic efficiencies (V/Km) for ethanol and acetaldehyde were not changed by the mutations, indicating that binding of the adenosine moiety of the coenzyme is not necessarily coupled to the subsequent reaction of substrates.